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COPD per pulmonologist were estimated for selected distances.
RESULTS: Most US adults (100% in urbanized areas, 99.5% in urban clusters, and 91.7% in rural
areas) had geographic access to a primary care physician within a 10-mile buffer distance;
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Over 15 million US adults are estimated to have been
diagnosed with COPD,1-3 and many more may be
undiagnosed. Declines in COPD prevalence, Medicare
hospitalizations, and deaths since 1999 in the United States2
suggest considerable progress in the prevention of COPD,
but > 6% of US adults continue to live with COPD and
its complications while geographic clusters of persons
with highest risk of COPD hospitalizations, health-care
utilization, anddeath persist. Surveillance data fromnational
and state surveillance systems show that there are geographic
clusters of highest COPD prevalence, hospitalizations, and
mortality in Southern states and states along the Mississippi
River and Ohio River.1,2,4,5 Highest death rates from COPD
have also been reported in multiple Western states.2 For
COPD prevalence and Medicare hospitalizations, there are
also countieswith the highest levels in thenation evenwithin
states with much lower overall state levels.4,5journal.publications.chestnet.orgHowever, there is little information about geographic
variations in the availability of health-care providers in
areas with the highest number of adults with COPD. It
has been predicted that the current aging US population
will experience a shortage in the future of physicians
and specialists such as pulmonologists.6,7 It is assumed
that primary care physicians would provide care to
persons with limited access to a pulmonologist;
however, little is known about geographic access to
that specialty. Therefore, we focused on the current
geographic availability of either pulmonologists or
primary care physicians in the United States and
estimated whether adults with COPD would have access
to these specialists based on geographic distance. We
used a buffer approach to calculate potential population
access to at least one physician specialty at selected
distances.Materials and Methods
Data used in this analysis includes physician address location extracted
from the National Provider Identiﬁer Registry (NPI); US Census 2010
block-level population counts and spatial data (polygons of blocks,
counties, and states); and county-level estimates of individuals with
COPD that were derived from the 2013 Behavioral Risk Factor
Surveillance System (BRFSS). Because the NPI and Census
information is available in the public domain and county COPD data
were obtained by permission from the BRFSS, which removed
personal identiﬁers, this study was exempt from human subject review.
US Population Counts
Census population counts were obtained from the US Census Bureau.
Census blocks (N¼11,155,486 in 2010) are the smallest unit of census
geography; 44.4% were uninhabited in 2010; therefore, 6,207,027
blocks were retained for analysis. The census block was used as the
initial geographic unit to calculate the population residing within each
physician’s distance buffer and to aggregate data to higher geographic
units, such as county and areas deﬁned by urban/rural status. Each
census block is identiﬁed by the US Census Bureau as belonging to an
urbanized area (multiple census blocks with combined populations $
50,000), urban cluster (multiple census blocks with combined
populations of 2,500-49,999), or rural area (all remaining census
blocks).8 Block-level 2010 population counts in urban/rural
classiﬁcations and county-speciﬁc counts from the US Census Bureau
were obtained to determine the number of all US adults $18 years of
age who were living both within and outside of each physician’s
distance buffer. These population counts were also used as weights to
estimate the share of the population within overlapping locations for
multiple physicians within each specialty type.
Adults With COPD
The BRFSS is a state-based, random-digit-dialed telephone survey of the
noninstitutionalized US population $ 18 years of age, which is
administered annually by all state health departments (including the
District of Columbia) in collaboration with the Centers for Disease
Control and Prevention to households with landline and cellular
telephones.9 In 2013, a question about COPD was asked of 491,772
respondents10; 6.4% (an estimated 15.7 million) of US adults
responded that they had ever been told by a doctor or other healthprofessional that they had COPD, emphysema, or chronic bronchitis.3
The number of adults $ 18 years of age with COPD in each of the
3,143 US counties was estimated with BRFSS 2013 prevalence data
and Census 2010 population counts using a small area estimation
method that is described in detail elsewhere.4 In brief, COPD
estimates were based on census block-level populations by age, race/
ethnicity, and sex and then were aggregated to the county level. In the
external validation study of this method, a correlation coefﬁcient of
0.69 for COPD was observed between county-level model-based small
area estimates and direct county-level prevalence measures.11
Physician Location
TheNPI is issued by the Centers forMedicareMedicaid Services through
the National Plan and Provider Enumeration System, is updated weekly,
and has a unique 10-digit identiﬁcation number for each covered health-
care provider regardless of whether in a group or individual practice.12
We extracted pulmonologist data from the NPI data released on
September 8, 2013, using the health-care taxonomy code 207RP1001X
for physicians in pulmonary disease.13 Primary care physicians were
identiﬁed by health taxonomy codes for geriatric medicine
(207RG0300X), internal medicine/geriatric medicine (207QG0300X),
internal medicine (207R00000X), family practice (207Q00000X),
family practice/adult medicine (207QA0505X), or general practice
(208D0000X).13 After excluding physicians practicing in US territories
and outside the United States, the study identiﬁed 12,392
pulmonologists and 248,160 primary care physicians with practice
locations in the 50 states and the District of Columbia. No information
was available about the age, race/ethnicity, or board certiﬁcation of
providers.
Each physician was geocoded to the practice location street address in
separate analyses for pulmonologists and primary care physicians. The
geocoding methodology has been described and illustrated in detail
elsewhere.14 A series of circular buffers were created around each
practice location using a geographic information system for selected
buffer distances (5, 10, 15, 20, 30, and 50 miles) to represent
Euclidean (straight-line) distance. The buffer approach used in this
study is similar to the two-step ﬂoating catchment area method,15,16
except that street addresses were geocoded in this study rather than
using driving distance. In this study, Euclidean (straight-line)
distances of 5 or 10 miles were assumed to be reasonable proxies for545
travel by public transportation in urban areas; 15-, 20-, and 30-mile
distances were assumed to approximate 30- to 45-min travel time by
automobile, and a 50-mile distance was assumed to approximate 1 h
of travel by automobile, which might be more typical of travel time
from a rural area to a regional medical center. For nonemergency
service, both straight-line distance and driving distance provide
similar precision.17 Because some physicians may practice in very
close proximity to one another or in a group practice, each physician
may have a buffer zone that overlaps that of others.
Access to a Physician Specialty
Access to a physician specialty was calculated separately for
pulmonologists and primary care physicians. The methodology for
calculating access to a physician specialty has been described in
detail elsewhere.14 For any census block(s) located within a selected
buffer distance, all of the adult population was deﬁned as having
potential access to that specialty. We summarized the total block
population (Pd) inside each individual buffer zone and distributed
the physician to each person 1/Pd living inside the buffer. Because a
census block may be located in multiple physicians’ buffer zones, the
share of a specialist for each person is the sum of 1/Pd1 þ 1/Pd2 þ
. þ 1/Pdn, where n is the number of those specialists within the
given distance. Then, we calculated the number of specialists for
each census block as the product of each person’s share in that blockTABLE 1 ] Cumulative Percentage of Adults $ 18 Years of
Primary Care Physician, by Distance and Urban/
Euclidean Distance, Miles
Total
(N ¼ 234.5 Million)
Urban
(n ¼ 16
Pulmonologist
5 64.6 8
10 79.7 9
15 86.2 9
20 90.3 9
30 95.3 9
50 98.4 10
Primary care physician
5 92.6 9
10 98.3 10
15 99.5 10
20 99.8 10
30 99.9 10
50 100.0 10
Data are presented as percentages or as otherwise indicated.
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Pd2 þ . þ 1/Pdn). We summarized the number of each census
block’s specialists within a county to obtain the number of specialists
for that county Dc ¼ (Db1 þ Db2 þ . þ Dbm), where m represents
the number of blocks within a county. Finally, we summarized the
census block population within and outside the buffer zone for each
county to calculate the percentage of adults that had access to at
least one specialist at the county level. Because each census block
also is characterized by the Census Bureau as urban or rural, we also
calculated the percentage of US adults that had access to at least one
specialist in urbanized areas, urban clusters, and rural areas.
Ratio of Adults With COPD Per Pulmonologist
We calculated the ratio (Rc) of the estimated number (Cc) of adults $
18 years of age with COPD to the number of pulmonologists (Dc) for
each county (Rc ¼ Cc/Dc) within each selected distance. We mapped
the county-level ratio within a 50-mile buffer zone to illustrate the
ratio of persons with COPD at the county level who have access to
at least one pulmonologist within a # 1-h drive. For those blocks
that did not fall inside any pulmonologist’s buffer zone, the number
of pulmonologists for that block was zero. For a county that did not
have any blocks inside any pulmonologist’s buffer zone, the
population in that county was deﬁned as having no available
pulmonologists within the selected distance.Results
Among the 234.5 million adults $ 18 years of age
residing in the 50 states or District of Columbia,
71.1% resided in urbanized areas, 9.5% resided in urban
clusters, and 19.4% resided in rural areas. Table 1 shows
the cumulative percentage of the US adult population
with potential access to at least one pulmonologist and
at least one primary care physician in 2013 by distance
and urban/rural characteristics. Overall, 79.7% of USadults had access to a pulmonologist within 10 miles,
90.3% had access within 20 miles, and 98.4% had access
within 50 miles. These high percentages were inﬂuenced
by the greater proportion of the US population living
in urbanized areas. In urbanized areas, 97.5% had
access to at least one pulmonologist within 10 miles,
99.5% had access within 15 miles, and 100% had
access within 50 miles. However, adults living in urban
clusters and rural areas were much less likely to have aAge With Access to At Least One Pulmonologist or
Rural Characteristics: United States, 2013
ized Area
6.7 Million)
Urban Cluster
(n ¼ 22.2 Million)
Rural Areas
(n ¼ 45.6 Million)
4.3 28.3 10.4
7.5 38.3 34.5
9.5 52.1 54.5
9.8 64.2 68.4
9.9 81.5 85.1
0.0 93.2 95.2
9.8 97.4 63.9
0.0 99.5 91.7
0.0 99.9 97.7
0.0 99.9 99.0
0.0 100.0 99.7
0.0 100.0 99.9
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pulmonologist available within short driving distances.
Within 10 miles at least one pulmonologist was available
to only 38.3% of those living in urban clusters and
34.5% of those living in rural areas. Only 52.1% in urban
clusters and 54.5% in rural areas had a pulmonologist
within 20 miles. However, 93.2% of those living in urban
clusters and 95.2% of those living in rural areas had
access to at least one pulmonologist within 50 miles. In
contrast, 100% of persons living in urbanized areas,
99.5% of those living in urban clusters, and 91.7% of
those living in rural areas had access to at least one
primary care physician within 10 miles (Table 1). At
least 99.9% of persons living in urban clusters had access
to a primary care physician within 15 miles, and
99.9% of those living in rural areas had access to one
within 50 miles.
Among the 12,392 US pulmonologists who self-identiﬁed
in the September 2013 NPI as providing pulmonary care
to adults, 82.7% were men and 18.8% had solo practices.
Most pulmonologists (92.9%) were located in urban
areas, whereas 5.0% practiced in urban clusters and
2.1% practiced in rural areas. Figure 1 shows the location
of US pulmonologists in 2013. The 12,392 pulmonologists
were identiﬁed as practicing in 5,105 separate locations.
The seven largest numbers of pulmonologists withFigure 1 – Locations of 12,392 US pulmonologists and quintiles of county estim
United States, 2013.
journal.publications.chestnet.orgpractice locations clustered in the same location were
observed in Rochester, Minnesota (n ¼ 82); Denver,
Colorado (n ¼ 63); Boston, Massachusetts (n ¼ 53);
Philadelphia, Pennsylvania (n ¼ 46); Cleveland, Ohio
(n ¼ 45); Ann Arbor, Michigan (n ¼ 43); and Iowa City,
Iowa (n ¼ 40). In general, however, most locations
(82.7%) included only one to three pulmonologists.
State-level numbers of pulmonologists ranged from 12
in Wyoming and 15 in Alaska to 1,104 in New York
and 1,259 in California.
Practice location is obviously inﬂuenced by population
density—particularly the density of available patients.
Figure 1 also depicts pulmonologist practice locations
overlaid with quintiles of county-level estimated
numbers of US adults $ 18 years of age with diagnosed
COPD. The estimated number of adults with diagnosed
COPD in 2013 ranged from ﬁve in Kalawao County,
Hawaii, to 398,279 in Los Angeles County, California.
Although there are small numbers of pulmonologist
locations in the Midwest and in the Rocky Mountain
regions, there also appear to be fewer persons with
diagnosed COPD living in those areas.
Among the 248,160 US primary care physicians who
self-identiﬁed in the September 2013 NPI as providingates of the 15.7 million adults $ 18 years of age with diagnosed COPD:
547
care to adults, 62.7% were men and 24.5% had solo
practices. The self-identiﬁed specialties included internal
medicine (48.0%), family practice (45.1%), general
practice (4.1%), geriatricmedicine (1.5%), family practice/
adult medicine (0.8%), and internal medicine/geriatric
medicine (0.6%). Most primary care physicians (81.8%)
were located in urban areas, whereas 11.2% practiced in
urban clusters and 6.9% practiced in rural areas.
Figure 2 shows the location of all US primary care
physicians in 2013 in relation to the same quintiles
of adults with COPD, as shown in Figure 1 for
pulmonologists. The 248,160 primary care physicians
were identiﬁed as practicing in 88,547 separate locations,
with Boston, Massachusetts, having the largest numbers
of primary care physicians at two separate addresses
(n ¼ 588 and n ¼ 468) followed by one address in
Rochester, Minnesota (n ¼ 486). In general, however,
most locations (94.3%) included only one to seven
primary care physicians. State-level numbers of primary
care physicians ranged from 400 in Wyoming and 641 in
Vermont to 15,549 in Texas and 26,844 in California.
Figure 3 shows the ratio of the estimated number of
adults with COPD per pulmonologist at the county level
for a 50-mile circular buffer. Darker shades representFigure 2 – Locations of 248,160 US primary care physicians and quintiles o
diagnosed COPD: United States, 2013.
548 Original Researchsmaller patient/pulmonologist ratios because of the
larger number of pulmonologists available within that
50-mile buffer zone. Figure 3 also shows that there were
some counties in Midwestern states, in some Western
states, and counties along the Rio Grande that had no
pulmonologist within 50 miles. In remote areas with a
pulmonologist within 50 miles, the ratio of adults with
COPD reached to $ 6,720 per pulmonologist.Discussion
This study provides a broad picture of the geographic
availability of the pulmonologist workforce in the
United States at many different access distances by
linking physician locations from the 2013 NPI with
population counts from the 2010 US Census and
estimates of adults with diagnosed COPD from the 2013
BRFSS. This study observed that all adults in urbanized
areas, where 71% of the current US adult population
reside, have access to at least one pulmonologist
within 50 miles. Approximately 7% of adults living in
urban clusters and 5% in rural areas do not have a
pulmonologist available within 50 miles; this represents
approximately 3.7 million US adults (1.5 million in
urban clusters and 2.2 million in rural areas) without af county estimates of the 15.7 million adults $ 18 years of age with
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Figure 3 – County-level ratio of adults $ 18 years of age with COPD per pulmonologist within 50 miles: United States, 2013.pulmonologist who would be available within a 1-h
driving distance. In each state, pulmonologists were
located primarily in urban areas or in counties with the
greatest population density, including the greatest
density of adults estimated to have diagnosed COPD
based on 2013 BRFSS prevalence.
What is not clear is whether pulmonologist location
impacts the density of persons with diagnosed COPD
such that an additional unknown proportion of adults
with undiagnosed COPD might be likely to live in
counties in the Midwest and some Rocky Mountain
areas that are outside a 50-mile buffer zone. This
speculation is fueled by a previous observation of the
highest and third highest quartiles of 2009 to 2010 death
rates with COPD as the underlying cause of death in
states such as Montana, Wyoming, Idaho, Nebraska,
Colorado, and New Mexico2—states with many counties
showing the lowest prevalence of diagnosed COPD4 and,
as shown in this study, the lowest estimated numbers of
adults with diagnosed COPD. In a study of 2 million
Medicare patients in Alaska, Idaho, North Carolina,
South Carolina, and Washington, those living in small
rural locations had to travel 33.4 average miles for 42.5
average minutes to receive a pulmonary function test,
whereas those in urban areas traveled 8.4 average milesjournal.publications.chestnet.orgfor 13.0 min for the test.18 Such distances in rural areas
may discourage persons with COPD symptoms from
seeking a COPD diagnostic test.
Fortunately, this study shows that at least one primary
care physician was available within 10 miles for 99.5% of
US adults living in urban clusters and within 20 miles for
99.0% of adults living in rural areas. However, there is
concern about the accuracy of COPD diagnosis and the
classiﬁcation of airway obstruction among primary care
physicians. For example, in a study of 1,205 patients with a
primary care diagnosis who were admitted for pulmonary
rehabilitation between 2007 and 2010 in Rotherham,
England, 20% of spirometry results reported on the
referral formwere inconsistent with a diagnosis of COPD;
among patients diagnosed with COPD and referred by
respiratory specialists, only 6.5% had an inconsistent
spirometry result.19 Among those patients with a primary
care referral diagnosis of COPD that had an inconsistent
spirometry result, the most common subsequent
diagnosis was asthma.19 Remote reporting of spirometry
tests from primary care physicians to a pulmonary
specialist in the United Kingdom has been shown to be
feasible and resulted in more accurate interpretations.20
It is not established that all adults with COPD in
the United States require specialist care from a549
pulmonologist because there do not seem to be clinical
practice guidelines that have assessed evidence about
the necessity for such specialty care. Clinical practice
guidelines for the diagnosis and management of COPD
are provided for all clinicians who manage patients with
COPD.21 There is limited recent information about the
diagnoses and characteristics of US patients seen, services
provided, or the proportion of time spent in ambulatory
vs inpatient service amongUS pulmonologists. Most such
information may be outdated. In a 2005 survey of 1,911
patients with COPDwho were identiﬁed from 12medical
practices across Minnesota, almost two-thirds reported a
generalist as having primary responsibility for their
COPD care.22 In the same report, 60% of the patients with
COPD also reported having spirometry in the last year;
however, claims data suggested that only < 20% of
patients with COPD had a medical claim for
spirometry.22 Among all 5.6 million ambulatory visits for
any cause in 1994 to 1995 among Medicare beneﬁciaries
in the state of Washington, pulmonologists provided care
to only 2% and averaged 222.0 Medicare patients per
pulmonologist.23 Among pulmonologists in that study,
almost 30% of outpatient diagnoses were COPD,
emphysema, and chronic bronchitis, and 36.0% were out-
of-domain diagnoses; therefore, pulmonologists also
reported providing 30.8% of their outpatient practice to
majority-of-care for their patients.23 Results from a
10% stratiﬁed random sample of physicians from the 1996
American Medical Association Physician Masterﬁle
demonstrated that pulmonologists provided< 10% of all
ambulatory pulmonary care in the United States; most
(67.8%) pulmonary patients seen in ofﬁce visit settings
were < 65 years of age.6 In contrast, hospitalizations for
COPD, pneumonia, and respiratory failure accounted
for 80.5% of all pulmonary inpatient days; 66.8% of all
inpatient pulmonary days were incurred by patients$ 65
years of age, with pulmonologists more likely to care for
patients with COPD, asthma, and respiratory failure than
for those with pneumonia.6 In that study, pulmonologists
also spent 67.1% of their nonintensive care unit clinical
time providing pulmonary services.6
It is also unclear whether current outcomes of patients
with COPD in the United States differ between those
treated by pulmonologists and those treated by primary
care physicians. In one US study of patients with COPD
hospitalized with severe COPD from 1989 to 1994,
patients seen by pulmonologists compared with those
seen by generalists were younger, had more severe acute
disease, and had worse estimated survival on admission,
but survival at 30 days did not differ signiﬁcantly after550 Original Researchadjustment for differences in case mix.24 Whether
patients with COPD seen by a pulmonologist in the
United States are more likely to receive recommended
therapies and show greater adherence than those seen
by primary care physicians in actual practice also is
not established; however, it could be assumed that
pulmonologists would be more likely to have greater
awareness of new treatment modalities. In a Barcelona,
Spain, study of 346 patients with moderate-to-severe
COPDwho had been admitted with COPD exacerbations
to four hospitals in 1997 through 1998, those being
controlled by a general practitioner were less likely to
receive pharmacologic and nonpharmacologic treatments
and less likely to perform inhalation maneuvers
correctly compared with those being controlled by a
pneumologist.25 In a study of 80 US patients with a
medical record diagnosis of COPD who were being
followed at outpatient pulmonary and patient care clinics
in 2001 to 2002, care (use of pulmonary function tests and
bronchodilators) was more likely to be consistent with
Global Initiative for Chronic Obstructive Lung Disease
guidelines when specialists were the usual source of care,
but generalists were more likely to perform better with
smoking cessation and vaccine prophylaxis.26 A more
recent international survey in 2013 that included 151 US
primary care physicians and 49 US respiratory specialists
assessed physician knowledge and application of Global
Initiative for Chronic Obstructive Lung Disease diagnosis
and treatment recommendations.27 In that survey, US
respiratory specialists compared with US primary care
physicians weremore likely to be aware of the 2011Global
Initiative for Chronic Obstructive Lung Disease global
strategy guidelines (98% vs 56%, respectively); were
more likely to report using spirometry (100% vs 84%,
respectively) and bronchodilator responsiveness
(80% vs 66%, respectively) and less likely to use peak
expiratory ﬂow (35% vs 63%, respectively) to establish a
COPD diagnosis; and were more likely to be concordant
with ﬁrst- or second-choice treatment options (67%
vs 21%, respectively) in survey scenarios.27 These ﬁndings
were an improvement over results for both primary care
physicians and pulmonologists from an earlier 2003 to
2004 US physician survey.28 Common barriers to the
diagnosis and treatment of COPD by primary care
physicians are reported to be failure of patients to report
COPD symptoms; presence of multiple morbidities;
low physician conﬁdence; low outcome expectancy;
time constraints; lack of knowledge and inadequate
training in COPD diagnosis and management; and low
belief in beneﬁts of pulmonary rehabilitation and new
therapies.29-31[ 1 5 0 # 3 CHES T S E P T EM B E R 2 0 1 6 ]
A strength of this study is that the buffer approach used
deﬁned distance zones, which avoids problems when
aggregating data according to existing census geographic
units, such as states or counties, that vary in size and
population heterogeneity.32 The buffer approach also
accounts for potential cross-boundary health care-
seeking behaviors in the United States, which are not
conﬁned within geopolitical boundaries, especially for
residents in isolated rural areas, those living near county
or state boundaries lines, or those seeking more
specialized care at regional medical centers. Because
Euclidean distance was used as a proxy for travel distance,
however, geographic accessibility to a pulmonologist at
various distances may be overestimated in rural or
mountain areas where road networks are more limited
and less straight than in urban areas. This study can
only assess geographic availability and distance to
pulmonologists and primary care physicians. There are
many other barriers to access to care related to patient
ﬁnances, insurance problems, transportation issues,
low patient knowledge and awareness about COPD,
disabilities, and caregiver support that cannot be assessed
in the current analyses.
Racial/ethnic disparity is also an important issue in
considering barriers to health-care access. In the 2013
BRFSS, the age-adjusted prevalence of COPD was
highest among American Indian/Alaska Natives (10.2%)
and non-Hispanic adults reporting multiple races
(10.7%) in comparison with non-Hispanic whites
(6.3%), non-Hispanic blacks (6.5%), Hispanics (4.1%),
and Asians (2.0%).3 Among adults $ 25 years of age,
blacks in comparison with whites had lower aged-
adjusted rates (per 10,000) for physician ofﬁce visits
(539.2 vs 571.1), higher ED visit rates (118.2 vs 78.6),
and higher hospital visit rates (34.9 vs 30.5) for COPD as
a ﬁrst-listed diagnosis in 2009 to 2010.2 Among
Medicare enrollees $ 65 years of age in 2010, hospital
rates (per 1,000 Medicare enrollees) for COPD as
the ﬁrst-listed diagnosis were higher among Native
Americans (13.2) and non-Hispanic blacks (12.4) than
non-Hispanic whites (11.3), Hispanics (9.7), and Asians
(4.8).2 However, death rates (per 100,000) for COPD as
the underlying cause in 2010 were highest among non-
Hispanic whites (70.2) and American Indian/Alaska
Natives (62.9) compared with non-Hispanic blacks
(41.8), Hispanics (28.5), and Asian/Paciﬁc Islanders
(19.0).2 Although these national statistics suggest that
COPD may not be underdiagnosed among American
Indian/Alaska Native populations, which may have
access to tribal clinics and the Indian Health Servicejournal.publications.chestnet.orgclinics in rural locations, the current study is limited in
the ability to ascertain whether underdiagnosis and
delayed treatment of COPD is more likely to occur
among Hispanics and non-Hispanic blacks residing in
rural areas.
There are other limitations in this study. First, the NPI
from the Centers for Medicare and Medicaid Services
may under- or overestimate pulmonology practices
compared with other physician workforce datasets, such
as the American Medical Association Masterﬁle or
professional organization membership lists. In the NPI,
all covered health-care providers must obtain a unique
NPI number and provide only one location address to
facilitate electronic transmission of claims and other
health-care information.33 The public use registry does
not provide information about multiple practice sites,
board certiﬁcation status, physician age or race/
ethnicity, interventional pulmonology status, or the
proportion of time usually divided between ofﬁce
practice, hospital or administrative duties, intensive care
units, research, or teaching—factors which may impact
the true availability of a pulmonologist in actual practice
and the likelihood that an adult with COPD potentially
would seek care from the nearest pulmonologist. For
example, at least 45 US address locations had 18 to 82
pulmonologists per site and may have represented
academic medical centers or teaching hospitals.
Therefore, many of these pulmonologists in this high-
density setting may have been in critical care or other
subspecialties, may have had teaching or administrative
responsibilities, and were not actually available for the
general population of patients with COPD. Second,
estimations of numbers of adults with diagnosed COPD
are derived from BRFSS prevalence measures that are
dependent on self-reported information during a
telephone survey. Such information cannot be validated
with medical records, and severity of disease cannot
be determined. This is of particular importance if
less severe cases are less likely to need access to a
pulmonologist. Therefore, ratios of potential patients per
pulmonologist may be overestimated in terms of need.
However, the unique strength of this study is the ability
to describe geographic variations in the availability of
pulmonologists at selected distances.
A clear picture of the current geographic availability
of pulmonologists in the United States is important
for resource planning and intervention strategy
development. The goals of COPD management
strategies are to reduce declines in lung function,
improve exercise tolerance and health-related quality551
of life, prevent and treat exacerbations, and reduce
hospitalizations and mortality.21 Most care provided
to persons with COPD, particularly in urban clusters
and rural areas, may be performed by primary care
physicians, physician assistants, nurse practitioners,
and respiratory therapists. Although results vary about
the efﬁcacy and improvement in outcomes about
such intervention strategies in the management of
COPD,34-37 important general solutions to ﬁlling
gaps in the geographic availability of specialists may552 Original Researchinclude promoting chronic disease self-management
interventions for patients with COPD, promoting
telemonitoring strategies for daily symptom reporting
by patients, coordinating services (patient-sharing)
with other health-care providers who frequently
share patients with COPD in claims data submissions
for multiple comorbid conditions, and improving
opportunities so that primary care providers can manage
the patient with COPD with high-quality care while
consulting with or making referrals to a pulmonologist.Acknowledgments
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